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(54) REFORMING APPARATUS 

(57)Abstract 

PROBLEM TO BE SOLVED: To make a reforming 
apparatus equipped with a reforming reaction part (6) for 
forming a reformed gas rich in hydrogen from a raw 
material gas by a reaction including a partial oxidation, a 
shift reaction part (7) for reducing a CO concentration in 
the reformed gas by a water gas shift reaction, a CO 
selective oxidation reaction part (8) for reducing a CO 
concentration in the reformed gas by a CO selective 
oxidation reaction, bleat recovery parts (11), (13) and 
(1 5) for recovering reaction heat generated in the 
reaction parts (6) to (8) and heat recovery parts (1 2), 
(14) and (16) for recovering exhaust heat by cooling the 
reformed gas formed in the reaction parts (6) to (8) into 
a simple and compact structure and to lessen the heat 
loss of the apparatus. 

SOLUTION: The reaction parts (6) to (8) and the heat 
recovery parts (1 1) to (16) are integrally installed in one 
container (30) so that the reformed gas is directly flown 
from the reforming reaction part (6) through the heat 
recovery part (12), the fourth recovery part (14) and the CO selective oxidation reaction part 
(8) to the heat recovery part (16), respectively. 
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Z©*^7 (2 3) A>b»tM£tl1Z*i££'QmWnftl 
(1) Sri^iPL-C^W^flRSr[B]J|Xi-5m?tfel^lB]i|xa5 
(2 4) <t^|iB(-iaa$jxTI/^o |g 2 iWtKgB 

(12) oiBlJKsttHIIISiS (12 b) wT»ftiSl4*MLW 

(25) ^^ltjiEtK^v^ (22) <omun^m» 
zti. -t^jst* (25) totems** ±fm&'< 
—r (3) tf?ft^«iL-c-5:ro^?iftSrii]Hxi-s^— ^naia 

HXgB (2 6) tfSEg£ft-C^3o (2 7) I4**V* 
(2 2) {c*SrMi^-r5fc«>cDffiif&l : T*fcS. 
[00 36] ■£ LT , ±taj|S 2 ^UlilX^B (12) CDdJlfc 
«E«:«W (12 b) 14, -troHRlSf^^fliaJ (12 a) t 
TOKfc. &ffEj£g|5 (6) T-£)££ft7t&«#*£->7 

hfcitn (7) -eccoaric^fcWiftiiu-c*©*!* 

«rEiRi-5. 4fc, % 3 gH5]i|Rg|5 (13) 14, ±f2->7 
KSffiW (7) -CJS^LfcR^JRSrlBliRL. ^4^0lR 
ffi (14) 14, ±ES^7hSa;« (7) T*4fi)c$ixfc& 

11X^15 (15) (4, ±ffiCO«&KfcK£gB (8) 
*LfcS*SJ»Sr|5|i|RL. 1 6iaiilM (16) 14, ±E 
COl«»ftS(£«! (8) -C^^ti^efe^^Sr^id 

[0037] ^lt, ±§eacKs*s» (6) , 

f&A (7) avco»R*ftR*£» (8) , iWCf 1 
~^6 2ftIe]l|Rg|J (11) - (16) 14, SJc^^^^efeM 
SJ^^B (6) frh%ZWm& (1 2) , ->7 hfcJZM 

(7) , M4^[e]i|X^ (14) RVCOmVimkBil&n 

(8) ^ST^6fi|e]i|X95 (16) ^-tn-Pixiff^aEA 

^131:^51:, &mmm. (5) ttWlSHIW^©* 
» (3 0) SrWU (3 0) {4tf-L^(6]tC^ 

l~m6 06O(7)^fij|f|5 (3 1) - (3 6) ^#fi|£ft 
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TV^T, ZtlbftWffl (3 1) ~ (3 6) ttn*fl-|-K» 

(3 i) ~ (3 6) n&'&y&mz.yyvv 

[0 0 3 8] ±E» 1 #*J8B (31) tt*n£Rffi#rot> 

cot% zw^i^sii^ (3D <Dfam^tz<n&m m 

(3 8) a*, ]£fcf»q«c|g2$UI]ilX& (1 

2) «5*8^^ftiaj (12 a) ««*n-p*Liai.nc*>o^ io 

(3 1) rtjSilffllH&ifcttTteSSft-O^. * 
fc, ±tmU (3 8) <&rtSlSfci!*tffKJE8|S (6) 
hix. mU (3 8) S.t>*m2|Ri01|xa3 (12) nmPris 
(12a) i, ^fJSB (3D tnmizWMiJ* 
mm (3 9) ±SE5feWK£» (6) 

n, aa-ras'? krjew (7) ^coaftHfcRf&w 

(8) cotlt£ iridic, t7 5-^Wi = ^A^ff) 
ffiftlCPt, Rh, Ru<n'ptj:< bt>l**-ftlfrlofrb 

te%&&m%<r>fm;*mT\^xt£z>^-j3j>>$. U4> 

■C«J***fC^6 (El 4 #80 . Sg2»R2|5 20 

(12) <T>®W#*M% (12a) 11, £i$1-SIS2jft 
Hlfcgli (12) <0[sIlR»ftt^{RiJ|fB (12 b) 

(4i) {c^mwesft^^^ (4 6) , 

(4 6) , Ui«i60>t><o-e (H5#I) , -t 

aftlEMKtt, JS^^atK (3 9) wgft^t, *2 

^hhrsis (12) (12a) pw&nx 

^iiss (45) ^iiii-r^^w^^t^^mi-io-c 

tf^tiSo ^Lt, $2»llHll|Xft (12) rojKft^^flB 
SB (12 a) £#£1-3*1 (3 1) {riiitaH 

^tf^&ISff (19) ds««E$n«flCH-^f«&n (4 30 
o) &mn&tixts9. zoELftltxmten (4 0) a> 

p>s&i#««sis (3D pwsmitxim (39) tc«^ 
^tsr*2j»iaii5i» (12) <»m>ctJ*tim a 2 

^^@lJXl-5o 

[0039] 4 % 1 ffiUeMxtt (ii) ii, ±teft« 

SJKSB (6) (4 4) ^«*»feOT«JWaV 

»«fcJ:5»*rJ0IW^^jt» (3 9) <&ISift#*«as£ 
ltK-5ri:T% -?:<0* 1 ^H)l|5lJf|5 (11) T-cD&HHIxas 40 
5fcSCE£tt (6) *0>j»£gM£J:oTfTMi 

[0 0 4 0] ±E*2~m6^fi]g|5 (3 2) ~ (3 6) 

<ort»Kf±*;ft^ft±fcS2}R|HMxSl$ (l 2) <»4# 
*{RiJgG (12a) <W>y%kl&m&<n>ft&ZG-tZ})i'? 

ikcomi® (4i) #igK$*u ^hsb (4D »«« 

(3 0) fc*Jtt**2~*6$MWa$ (3 2) ~ (3 6) 

6. 2fc, |g£B (4 1) fctt, (3 0) OT«f.L**«l 

^l6](C«oT¥tT(rMt/5^Sc (El*^jT*{i6o) CO* 50 
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f*at» (42) , (4 2) , -immm^hnxnm 

MtiLZti* zinbWnmfctiL® (4 2) , (4 2) , 

•••(oiafasfi-taveftsss oo) <nffim&nmLx± 
ia*«jet (2D icsatsfir^a. aftfws 

(4 2) <OT$KaSW:*2£««|S (3 2) (TDMaC (4 1) 

rtte*sv*-c loiii^j^ rco^-g-cOflfcfftjOg (4 

2) ll*2^fi|^ (3 2) CMP LfciftftMLn (4 

3) HiiiiStl, ^(O^ILP (4 3) C±|a*ML 
* (2 5) i*««t$4xTV>3 0 

[004 1] ±3BjB2»««fS (3 2) rt^tt±E*2» 
(1 2) (OHUDlXfttRlgB (1 2 b) as, £tzm4 
ftmtt (3 4) rt{itt*4«HiIJDl» (14) i>\ ZblZ 
*6^fi|g|5 (3 6) rt^HSB6S»|E|JRaJ (16) tfZtl 
-e*tLl|XS$n-C^5o *3#fijg|$ (3 3) rt{C± 

SEi^hEJSI* (7) ^, £fc3?5#«g& (3 5) fttC 

c oawitffcsjfcw (8) KZfiUfiWLrtbfix^z. 
^(D2mKfc% (7) , (8) m^-rtihmcm'^<D 

t<OX\ m4lZ7ji-f£ OlZ^ (4 1) {*uzmt£&titc 
RS:R<0^=#i>.ft: (4 4) ^WU z.0>^=-*J»#. 

(4 4) W3l^T*» (3 0) ©*fciBtfr|pimiiai-«# 
iSc»Hii?Las&fC;tf*flft8§ (4 5) fcsn-cvs. ±IE 
✓N^Aft; (4 4) l*mz.t£±7 i y9*?T>\<^=-7J* 

^frbteztemzp t, Rh, ruco'>&< i t^-m 

a> 1 oa> 5,45 #^«^cofii^^ffi«F Lfc t c7)T'fc.5 0 

±E->7 (7) T'll, CO^fiRtCStt* 

SI'-SfiiSEi LT, ±fEc75$P#Pt > Rh, Ru^cOft 

^JS^»jiasffli'»3(oas«t< , ^-cot-eiP t/zro 
2 &ffli/">5£>asa3: lv\ 

[004 2] ^rLT, ±ie*3&t;m5»i[Hj)iRg|5 (l 
3) , (15) II, Ztl*:ki*s7 YR&n (7) RXfC 

om&m<tRfoto (8) <o#^=*Aft (4 4) *Mna> 
bnntt&xmmK.x.&iitemiR (41) <o#jc#itis 

(4 2) rtco«HH]JK»tft (*) Ilijas^ftSiS i 5C4o 
T*5»J, ^corit', *©|R3Rt;iS5SKHelJ|RlBJ (1 
3) , (15) -CW5R@iUl4S&iaJDliJlft: (*) <b, ->7 

(7) Rvcommnt&.fon (8) 

[0 0 4 3] ±ffiSf5 2SIMHllR» (1 2) £0[aIHX»fc 

MjgB (12 b) , ^4S.t>'*6H!i[elJ|X^ (14), 

(i6) ©3oosft®iRSPttv>mtPn:«ifiot«> 

T*, BlSlc^-rj: ?|:, #-*r<ofiSBJ (4 1) (^(cil^x. 

B^.y^> (4 6) , (46) , -aswfiES^n, 
(4 6) (ISA (4 1) (Dfymm^fc 

m*im\zmitistis m& (4 n pw&®7<<> (4 
6) , (4 6) , -wa«efefi^^»is (4 5) <t$4x-c 

^5, 1"&fr*>, ZCD*2filElHRgB (12) WIUHX*^ 
(1 2 b) , fM&tfSSegUell&lgB (1 4) . (1 

6) 11, mtir^Butm (6) ~ (8) mo&wxxm 

SS (4 5) \Z.®rtbtl1tfcWi7<0 (4 6) , (4 



11 

6) , -t, m%> (4 1) rt£tft»+C>;h/0*T±8eSfcW 

n^m® (45) \zttLm<o&^tc<fcfcm® (42) 

Cft6S&2»i3m$ (1 
2) ttlBlttttftfltt (12 b) „ ®4&VtS6#Ms]J|5lg|$ 
(14), (16) -CWfuaiRtt. SREHRaEff (*) 
&*CO§«lgB ( 1 2 b) , (14), (16) CO 

mmyjy (4 6) , (4 6) , -ra0>&«t#*s6K 

(4 5) &aa-rs&R#**<B&£*fc:J;oTfffrft 
[0 0 4 4] ±fS3?6»fmf5 (3 6) fi&K#*fJt|&P 

(47) Asiaq^ixfcWjaHfaj^twc, *oefew^/ 

xflW&n (4 7) ttJiEXMBMttt** (1) KSH**ix 

[0 0 4 5] ±8a»4^*iaJ (3 4) tett*0>» 

4fRHallR» (14) F*|CO&1C#*?tS& (4 5) (CigiH- 
Z>Q%M\U (4 8) #Hn£iX, i0>3S*tf*An (4 
8) tt±K£Stffcit&ff (2 a) K#l£8Mfc£*l,-C*i9, 
±ie^nT (2) a»&tfcifc£ixfc2«0>-«&JMSft|s| 
iRffi (14) rtoefeR^^iSlS (4 5) . "9 COil 
IHmcSJtM (8) ©fc±««-Ci*il#*fc#|ftL-C, 

[0 0 4 6] LfctfoT, ^(AllJS^SglCio^Tti:, 
^m&^^Xi.cO^SjllE^ zK*>^ (2 2) fyff>m 
HHIXStfrt LTcDtK^*^^7° (2 3) tCfcOJEit* 

n. £<*>*tt*ifeiKUHiiKas (2 4) -cjpj»snfc«tcek 

«£fi (5) COSgfl (3 0) rtfctfcfcSi-u 

§S (3 0) co^icco^^lfS (4 2) , (4 2) , 

^Tijit^MLP (4 3) i^fttHStifcftt**^^ 

(22) {cms, 

[0 0 4 7] Ztz, fff(7)S^^^^SI£f (5) CO 
(3 0) £>]£**#* (4 0) KA9, -tCOfg 

2fii£]iixa5 (12) amxwxom (12 a) jurai 
iniaiKn (11) r-mm^titcm^KR^ (6) ^ 

•it At, ro&ICEJStt (6) fc*SU*-CJJRi|6M/*jl»P>a$ 
^ttfk**tf»StJ:9**y 

*U C ttSB 2 JREIltZS (12) &&Xis7h 

5Lfc% (7) K&fciJxS. LT, ±ffi&S5^95 
(6) {iT*4LfcRff»*«±8E!ISlfRHHliRaJ (11) 
K£9, *fc5fcKE£» (6) a»&3/7 h£JS9S (7) 
K&feftS&R#*co$W?Sj5 2?&®j|x^ (12) (3«t <9 
tJx-ejtBifcSi'U US l ^EXCm (11) &t/»2f»ia 
HXW (12) (OjBW^^«aiJ (12 a) J: 9 01151**1 

fc, |R 2^M^ (12) <D\Eltiim#m& (12 b) {r 

£*)®)&£titzmi$±-tzmftm& (42) co**»l 

"C, ^C07k(-(Hll|X*n-5o 
[0 0 4 8] ±12^7 h£ffcg& (7) 

(7) SriiaiWKSfcK 
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z<n&w#xitm4m\5i®.n (14) £&-ccoii 

IR&ftK^gB (8) lcm&£tl^ -C0jg4j»UH]Jfcg|$ (1 
4) (CjyV>TS^AP (4 8) a»P>tt*&£ttfc£* 

JxJfcgR (7) KTjMttf^v'? hKJ£{£.t93S£LfcR 
«T»rR*s±IS*3fR@iR«f|S (13) fr«fc9. h£ 
Jt^S (7) a»fcCoafclfeftEJ£:« (8) tiiS&iiS* 
K^^«>«l*Jll4}!!Ua«l« (14) \z.£ 19 ^n^'ixlejitx 
10 Six, rftib<©ls]iRJ!!Wi±ffi8IE**!& (4 2) co*£fln 
ILT, ^rC07K(-lHli|RSix^)„ 

[0 0 4 9] Sfefc, ±KCOa#»{bS£« (8) (C 
«*&3ftfc*ir;tf*H:» t©COWRIfcflsKJ6« (8) 

(16) *»TSfcK^^tti(&P (4 7) i»f>SS (3 

0) wc&msft, $mm&*fc <n KGw&sjts. 

±ECOWR»flSR*S» (8) JiTCOWRKftSJ&K 
±0 36ftLfcSJS*M4±ES55jR|i]i|ll« (15) Ki. 

20 9, ifccoa^Kftsisaj (8) *»e>«&*Mt«i** 

(1) ttfrii|P>ix5ek«^<OfRia«SB6jRnaJRSB (l 
6) lz ±9 we*i|sIJDl£*u Zix6«)|5]J|X^li±IE9(t 

(4 2) cotK^jophrl-c, *o*fciaiiji*iia. 

[0 0 5 0] rcoirt, ±f2&fCSES (5) ©ifcWRfS 
95 (6) . ->7h£/S95 (7) aVCO«RHfk»SW 

(8) t, #Ji~S66JKHaiKSB (11) — (16) t» 
-#ttfc«rt&n"C, (6) a>f> 

f? 2 !«i£|5 (12) , ->7 hSJ^gS (7) v £4 MIS] 
iKft (14) RtrCOaRKIkKlSa (8) *gt!6 

30 s?VtH]J]XlfB (16) ~4rtL j etiV8&M'WC* #»S 
a (6) ~ (8) k&mtoM (l l) ~ (l 6) b& 
E»-e«fgH~fi:taF*, &e^B (5) co«it^ffi* 

(5) a»fc<aftf»«r»;t3wi:#-CS5 0 

[0 0 5 1] Ja^^^«r5fc«SJ£«IJ (6) X'Utt 

(SttfiS) W±(c#?fii-5<b, ^comco^jiiKB#(- 

40 [0052] *fc, ±E#sjtr>^ (6) ~ (8) a>mm 
^^B^fLfc^^-*i^^*: (44) nm&istix\i*wi** 
mmzftmi-zmfeizit^x. m.nxxxa&'gtfxn 

±u mz®ibi}*zm*ii*birz®^X'ifo%mx' 

hh a 4fc. s«« (6) ~ (8) ±#«>ift»l^/h$ 
<45rot, efeg^S (5) gt>TliIMi->^ri 

(6) ~ (8) xmm-f5mmfrn&m%<oi><nx$t- 

50 &tlZ<DX% il5ctoa^at5«EflStea^<D«ll!lSr/hS < 
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[0 0 5 3] ->7 hSCT (7) {Cfc^T&fl 

»we* 5. io 

[0 0 5 4] ±fc->7 HSJCIBJ (7) <7)«jjKt L 

tPt/ZrO, 4rffl^-5t, tej&/f^L«t'ia« (2 5 

o~4 5 or) v§k-?vj*xtem£V)i>m^ft&mx. 
ztmyimmbK. qm.®. O5o~4 5ot) 

(7) WttltUStLW. 

[0 0 5 5] »#'J) ±IE«-R£8]S (6) ~ (8) 
f&lsmxglJ (11) ~ (16) »«it^H6~[a9(^-r 

(iS^tB (6) ~ (8) (D&J&M&tfL. i6C^tW 20 
T*f4, (6) , (7) RVCO 

mnmtRSt^ (8) <7)/n=*A# (4 4) (3 

0) <7)tt^[6]*»e>ET»f®Jgff^<7)«^C(7)E®la5 (4 
4 a) , (4 4 a) , -\Z&tt bftTI^S. Lt, d 
W^OEOi^ (44a), (44a), 
£MLTS'S§ (3 0) OTtt^fiKjffitfST^S^ix 
J ?»^7 l >U^«SS<D^JRA»e)>5cafifRl7^>' (5 0) , 

(so) , -frffimzix, znfcmy-o (so) rosss 
guii^sn (4D (xfi (3 8) ) 

ft-CV^S. 0*9, jgi, f5 3&tfS!5#ft[e]ifcg|5 (1 30 

1) , (13), (1 5) 14, -tti-eix^-rsacsrR 
j££B (6) , ->7 hstt^ (7) coa«sfl:KJ£as 

(8) <0#^ (4 4) WEiBge (4 4a) , 
(4 4 a) , -m\Z&m£1ntcfc1&y4> (5 0) , 
(50) , -^ixtV^. ro-f-Si:, »1, S3S. 

tf* 5 m®fri® ( 1 1 ) , (13), (15) t-fflia 

[0 0 5 6]-*, El 7 Cfl%-#-«!|-Ctt, KJ£SB (7) , 
(8) <Di3i (4 1) (&fCKJSSG (6) (3 
8) X'tM fc*i^-C#*(Wt* (4 2) W^^fr 40 

rtfflf-sffl*>e>*saiatt*p« (5 d , (5 n , - 
&ii&&*Qa (51) {cj: 9. mittm (42) trstn, 

5*a^v=#i»ft: (4 4) {RiJfcS&-f3W£m*Q-f 5£ 
5tbtV^. 0*19, 2l&l$*n£lJ (5 1) ^<T>i\^<D^ 

[0 0 5 7] H8&T/0 9tt:±ES2, i4Ml6fi 

[sMZffl (12), (14), (16) <Dmi&mi:*-fo 

m 8 ir^i-^-c-(4, (41) Ri^siiia:-*-aef»7w 

V (4 6) , (4 6) , ••■^ia5(w^-f- < fc 9»r^fir(Cia 50 
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fi1-*0>-C*l4ft<, «E«»^»-E«LfctOT-Cfc5. 
^a>*g"bSB2» ^4St/^6^(HlI|Xg|5 (1 2) , (1 

4), (l 6) X'<nm®itii%]m*:Wi#>Zzb1fiX'ZZ 0 

[0 0 5 8] El 9 IZTF-fmXl*. &®mW (5) <D^ 

(30) ft\zw&+*wm&mfr&i!f.t*b&.% mm 

[r^x., ffigp (4 1) l:::|8tta«-*fc«tl& (4 2) rojg 

mft&m^&v&my -< > (52) , (52) , 

mWL\.tc^<r>XhZ> a stttfflEK (4 2) ft© 

£.%kW& (4 1) tWj»3SE«ttSri«ii)T, Sf?2, S&4 
RV* 6 JREURS (1 2) , (14), (16) f©IR 
|s|i|X3«£i§ii6S It^ft 5. 

[0059] mmmm 2) h 1 0 nmmmm 2 

U ftHSHg (5) (3 0) ^«c«rWfS»W (5 

4) -eah>fcfc©-c*>s 0 :it5i, (3 0) # 

wsfc^aro-e, &«^g (5) frb<n%mzzt>\m 

[0 0 6 0] rroHSI^T-li, iiBBrSMt (5 

4) K*SV*-C£» (3 0) Wjgl^tJgfS (3 1) roll 
Ste#fiLT**fc-*a>P>*5j£»fflfc-* (5 5) 
«re»fflroJP^<k LXM.V>&A,tzb<DX-hZ (89 1 £ 
Mffiaicx^-r) . rroz<tT\ &ff£eg (5) 
tft'>XTi») co®Sbfl#{ct— * (5 5) —roiiafci 

0- CJB^^SrJnjR-fS^iiST?*. &«=£g (5) ft 
V * L * x a ©sums m * $ 6, (c JBItt- a r. 
ta«-c#5. «Mt-* (5 5) tft*r*iawiR« 

[0 06 1] (HJMI3) Ell 1-1211 3»4HJ£^fil 

3&*u ^s^g (5) ro^gg (30) ^2mmmm 
kLtci>(DXhz 0 i-* *>*>,- r<DHite^ji-ci4, lai 

2{^-T«t5{-» (3 0) (7)^2-^6 

^#195 (3 2) - (3 6) fcfc3-f5»#tt:-f*W<b«0 
^CD^i4Rfgj^ro^Sg|5 (5 7) <k , ^c^)^ 
(5 7) rtllpl^{CEg$ttfcPIff^ro^SlF|5 (5 

s) t<D2mmm&tzti. (5 7) , (5 8) 
mro^ra^aft^jjftss (42) tsixr^s. znmom 
m*±mnmrMi tmrnx-bz. zmnmmxtn 

[0 0 6 2] ffi. Z.ro*i6Jgl»3tC*5V^-C, @13C^ 

1- «t?{r, (3 0) ro^M^B (5 7) S.t>*rtH95 
(5 8) Fpii<7>»itft»itsg (42) izfcmyjy (5 9) Sr 

l£gt, ^(0^7^^ (5 9) ^^ffi95 (5 7) RXf 
ftmn (5 8) ^fiSftRT^aS^L-CbJ:^. 
[0 0 6 3] *»WI4. ±E#HiS^flgroJP#j^ 

5<oi4V9*T"L? > t cv\ 

[0 0 6 4] 

[IRMoa*] «±»IM Lfc J: 5 tc, |»*^ 1 (D&WX 
14, lB^^a>P>«B5»»fk*:^tpSJC^«t 9**!; >^ 
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■c#*i*iaifc-*-*»2» *4&t/»6?snateaji:Sr«x. 

fciXWBHIfc»U 5Mr#*a*KKRJ£»a»&JS2»III 
#RfS«£, SB 2, %4RXfi$56®®til&k$:-ft$){Z 10 

c n h k. «t tu4\ s-assc t ^h^sc <t a*E» -e* 

[0 0 6 5] ft#Jf 3 03glEK«fc3£, ±e*>7hRJS 

lo o 6 6] m#i£4<?>&W\z£Zb. >y hmt&<n 

Sr^-fP t/Z TOi&m^^ltZk^X*), '>7hSJS 
[0 0 6 7] ft^ll 5 W«Weii, ±IE 3 OORjSfflStf) 
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